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Abstract 
Currently, most research work on multimedia in-
formation processing is focused on multimedia infor-
mation storage and retrieval, especially indexing and 
content-based access of multimedia information. We 
consider multimedia information processing should in-
clude one more level-past-processing. Here "post-
processing" means further processi"1g of retrieved mul-
timedia in/ormation, which includes fusion of multi-
media information and reasoning with multimedia in-
formation to reach new conclusions. In this paper, 
the three levels of multimedia information pmcessing-
storage, retrieval, and post-processing- are discussed. 
The concepts and problems of multimedia information 
post-processing are identified. Potential techniques that 
can be used in post-processing are suggested. By high-
lighting the problems in multimedia information post-
processing, hopefully this paper will stimulate further 
research on this important but ignored topic. 
Keywords: Multimedia, Content-Based Retrieval, 
Multimedia Information Fusion, Reasoning 
1 Introduction 
The multimedia revolution started at the beginning 
of 1990's. Multimedia is virtually revolutionary in 
many areas such as communications, computing, en-
tertainment, consumer electronics etc. Although there 
are still many challenging problems remain to be re-
searched and resolved for the further growth of multi-
media, with the advent of relatively cheap, large online 
storage capacities and advances in digital compression, 
comprehensive sources of text, image, video, and audio 
etc. multimedia data can be stored and made available 
for research and applications. Actually, the technical 
ability to generate volumes of digital multimedia data 
is becoming increasingly "mainstream" in today's elec 
tronie world. 
With numerous digital libraries, other large multi 
medi2-. databases, and multimedia-ba.sed WWW page 
available, ~sophisticated search or retrieval technique 
are required to find relevant information in these larg 
digita,l data repositories. These retrieval techniquE 
should provide not only fewer bits but also the rig'r 
bi ts to users. 
We notice that to retrieve the right bits trom mu 
timedia data repositories is not the final step in mar 
multimedia applications. Further processing of the r 
trieved multimedia information is needed. In this p 
per, we call such multimedia information processiI 
post-processing. For example, in our ongoing ager 
based financial investment adviser project [1J, we ne' 
to retrieve stock market information. These data i 
elude breaking news in audio or text form that affec 
stock market, closing price of specific securities (t 
bIe), security price or moving average c-hart, compa 
revenue (pie chart), company profiles etc. In the finc 
cial investment advising multi-agent system, diffen 
agents are delegated to gather information in diffen 
forms. The decision making agents will make ±inane 
investment decisions based on their domain knowlec 
and the retrieved multimedia information. To this el 
we come across two problems: How to fuse informat 
in different media forms and how to reason with th 
multimedia information to obtain new results. Tb 
two "how to" s are most important topics in multime 
information post-processing. 
In this paper, we propose that multimedia infon 
tion processing be divided into three levels-multimE 
information storage, retrieval, and post-process 
Currently, most work on multimedia information J 
cessing is focused on multimedia information stOI 
and retrieval, especially indexing and content-based 
cess of multimedia information. Post-processir)g of 
information is nearly ignored. With this observa 
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lind, the concepts of multimedia information post-
:essing are identified. The problems involved are 
llighted. Promising techniques to solve these prob-
s are suggested. Hopefully, the discussions in this 
,er will stimulate further research on this topic. 
[he rest of the paper is organized as follows, The 
~e levels of multimedia information processing are 
sented in Section 2. Brief summaries of the state 
he art of indexing and content-based access of mul-
edia information are given in Section 3 and 4, re-
'ctively. The concepts and problems of multimedia 
~'rmation post-processing are investigated in Section 
Finally, Section 6 is concluding remarks. 
Three Levels of Multimedia Informa-
tion Processing 
In today's electronic world, there are volumes of dig-
1 multimedia data generated every second. The first 
!fig we need to do is to store these data for later 
". As the amount of multimedia data is increasing 
'unatically, some effective and efficient retrieval tech-
lues are needed to find useful and relevant multime-
'.t information from these large digital data reposi-
jes such as multimedia databases and multimedia-
sed WWW pages etc. In some applications, to find 
.t the relevant information is the final goal, but in 
ilersnot. Just like in traditional expert systems, 
me "known facts" must be given before the systems 
,n reach some conclusions. In many multimedia appli-
~cion systems, the retrieved multimedia information is 
,ed as "known facts". Based on these "known facts" 
,d domain knowledge, the systems try to obtain final 
J!1clusions the users want. Thus, in typical multi-
:edia information processing, there are three levels-
~orage, retrieval, and post-processing of multimedia 
lformation (Figure 1). 
Currently, most of research work in multimedia in-
)rmation processing is concentrated on multimedia in-
:xmation storage and retrieval, especially effective in-
:exing of multimedia data and content-based access to 
i~ultimedia information, whereas the post-processing 
"ft nearly untouched. In the next two sections, we 
'/ill give brief summaries of indexing of multimedia in-
ormation and content-based multimedia retrieval. We 
'.fill then identify the concepts and problems of multi-
nedia information post-processing in Section 5. 
Indexing of Multimedia Data 
To store large volumes of multimedia data, in ad-
iition to the requirements of very high capacity, fast 
Retrieval Post-Processing 
Figure 1. Three Levels of Multimedia Informa-
tion Processing 
access times, and high transfer rates, another very im-
portant aspect is effective indexing. This is also closely 
related to multimedia information retrieval. 
Indexing is a fundamental operation for large 
databases. Index structures are closely related to data 
representation. This implies that we should have differ-
ent index structures for data in different media forms 
such as image, video, and audio. Some typical cur-
rently available indexing methods include indexing of 
string attributes [9], indexing of visual attributes [9], 
and active indexes [8J etc. 
4 Content-Based Multimedia Informa-
tion Retrieval 
Information retrieval has been attracting the atten-
tions of many researchers [2][3]. Now in this field, 
more emphasis was placed on the content-based re-
trieval (4][6][7]. Content-based multimedia information 
retrieval contains two parts: content-based retrieval 
for multimedia databases and content-based access to 
WWW multimedia information. 
In content-based retrieval for multimedia databases, 
there are two principal ways for the representation 
of queries, namely, "query-by-subject/object" and 
"query-by-example" (QBE) [4]. Currently, many more 
studies have been done in relation to content-based re-
trieval that refers to a single non-textual data. How-
ever, we think content-based retrieval studies for mul-
timedia databases should pay more attention to the 
multimedia content that is associated with heteroge-
neous types of data. 
For content-based access to web-based multimedia 
information, the most interesting work is the Content-
Based Access to Multimedia Document effort (CBAM) 
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of Microelectronics and Compu tef technology Corpo-
ration (MCC) [7]. The CBAM effort is an outgrowth 
of the MCC InforSleuth project, wherein technologies 
have been developed for using agents to achieve seman-
tic access to networks of heterogeneous and diverse in-
formation sources. The key to accomplishing CBAM 
applications in this manner is the semantic content 
extraction algorithms encapsulated in multimedia re-
source agents and the advancement of ontologies for 
content correlation to better handle temporal, spatial, 
and uncertain aspects of multimedia content analysis. 
5 Post-Processing of Multimedia Infor-
mation 
It is worth noting that there are many researchers 
working on (multimedia) information retrieval (espe-
cially content-based retrieval), whereas the processing 
of retrieved multimedia information is nearly ignored. 
Here, we try to highlight the problems so as to trigger 
further research on this interesting field. We consider 
that the most important topics in multimedia informa-
tion post-processing are fusion of multimedia informa-
tion and reasoning with multimedia information. 
Fusion of Multimedia Information. Fusion of 
information is about how to use simultaneously pieces 
of information provided by several sources in order to 
come to a conclusion or a decision. Currently, most 
approaches in information fusion can only deal with 
information in alphanumeric form. In many multime-
dia application systems, we may have information in 
different media forms such as text, image, audio, and 
video to describe the unique object. 
Intuitively, multimedia information fusion should 
based on some effective transformation among informa-
tion in different media forms and media abstractions. 
Some work has been done on transformation [7] and 
media abstractions [10]. A framework for multimedia 
information fusion is shown in Figure 2. In Figure 2, 
the transformations from data to abstracted represen-
tations are indicated by circles. 
As illustrated in Figure 2, multimedia informa-
tion fusion is feasible when information from differ-
ent sources can be converted into similar representa-
tions (indicated by several circles in the same horizon-
tal row). The fusion then takes place among asser-
tions. We call such fusion horizontal fusion because it 
combines information abstracted from different media 
encoded in the same uniform representation. Another 
type of fusion is applicable to data from similar media 
with different abstracted representations so that they 
can be combined and checked for consistency etc. We 
call such fusion vertical fusion because it combines in-
formation having different representations at different. 
levels of abstraction. 
Horizontal fusion can be accomplished w~th the help 
of an artificial neural network due to its ability to Com-
bine information abstracted from different media and 
adequately encoded in the same uniform representa-
tion. The active index [8] can be used in vertical fusion 
due to its ability to obtain information from different 
sources and actively connecting them by dynamic link-
ing (using index cells). Vertical fusion is associative 
and combines information in different representations. 
An artificial neural network with fixed connections is 
not as appropriate as an active index with flexible con-
nections. 
Reasoning with IvIultimedia Information. As 
we have pointed out that in many multimedia appli-
cations, to retrieve the relevant information is not the 
final step of these applications. We need to use the re-
trieved information (in different media forms) as known 
facts to do some reasoning based on domain knowledge. 
As these known facts are represented in different me-
dia forms (not only in alphanumeric form), traditional 
reasoning algorithms can not be applied directly. We 
call such kind of reasoning reasoning with multimedia 
information. It is different from visual ~'easoning and 
spatial reasoning [5] (chapter 11) etc. used in multime-
dia information retrieval (especially image retrieval). 
To solve the problems of reasoning with multimedia 
information requires the contribution of many research 
disciplines such as image/video analysis and process-
ing, pattern recognition and computer vision, multime-
dia data modeling, multidimensional indexing etc. The 
following technologies are promising to partially solve 
this problem: (1) Effective transformations among dif-
ferent media; (2) Symbolic projection theory [5]; (3) 
The Tele-Action Object (TAO) techniques [8]. . 
Example. Recall the financial investment adviser 
project we mentioned in Section 1. To give advice 
about stock buying/selling we need to do some rea-
soning based on the moving average chart of a specific 
security as well as many other analyses. There are two 
main trading rules for moving averages: (1) A buy sig-
nal is given when the price moves up and crosses over 
the moving average from below; (2) A sell signal is 
given when the price moves down and crosses over the 
moving average from above. 
Here, it is more natural and convenient to represent 
the condition parts of these rules as well as the "known 
facts" (retrieved moving average charts of some specific 
securities) by graphics (charts). This is one form of rea-
soning with multimedia information. For this specific 
problem, it is actually a problem of reasoning with still 
images. We employ symbolic projection theory to do 
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Figure 2. A Framework for Multimedia Information Fusion (Based on [16], pp. 107-109) 
:h reasoning. We represent the moving average chart 
2D strings in symbolic projection, and then use 2D 
ing matching algorithm to accomplish the reasoning. 
:e details will be discussed in another paper. 
Concluding Remarks 
As we noticed that to retrieve the right bits from 
~ltimedia sources is not the final step in many multi-
edia applications, we proposed that multimedia pro-
ssing be divided into three levels-multimedia infor-
atioLl' storage, retrieval, and post-processing. Cur-
ntly, most of research in multimedia processing is 
cused on the first two levels, whereas the post-
~ocessing is nearly untouched. 
We the!l identified the concepts and problems in 
lultimedia information post-processing. Two most 
I1portant topics-multimedia information fusion and 
,asoning with multimedia information-were high-
ghted. Promising techniques to solve the problems in 
mltimedia information post-processing such as effec-
ve transformations, active index, symbolic projection 
leory, and TAO were outlined. 
To tackle the problems in multimedia information 
8st-processing requires the contributions of many re-
:arch disciplines. We have conducted some research 
or k on reasoning with still image information by using 
'mbolic projection theory. We hope the discussions in 
lis paper will stimulate further and more research on 
lis interesting topic. 
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